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Abstract 
The slope surface protective structure of eco-bags has a great difference with the conventional ones, mainly because 
the eco-bags slope is a flexible structure, fillers may mostly be the soils with large plastic deformation, and therefore 
they have some compressibility. So far, there has not been an effective algorithm for its structural sink or stability. In 
this paper, based on the simple onsite tests for an actual project, a practical algorithm for the sinkage amount of slope 
eco-bags is proposed. The algorithm and relevant calculation parameters can be obtained by simple onsite tests and 
the methods of soil mechanics. By results from the tests, the soils with the proposed percentage of filling materials 
and compaction process can be directly used in engineering practice. The calculation process of the algorithm is 
simple, and it has been verified by some practical projects. Thus, its accuracy is satisfactory. 
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1. Introduction 
The filling materials for eco-bags slope are generally the soils which are used as plant vegetation 
matrix and the soil generally has high compressibility. If the compressibility of the eco-bags on the slope 
surface is too low, it shows that the soils are severely harden, and if it is too high, the eco-bags slope will 
heavily sink. Both cases should be avoided in the eco-bags slope projects [1].  
In engineering, the soils filled in eco-bags were firstly compacted by preloading method, and then built 
with them on the slope [2]. Taking account of the plastic nature of fillers, generally based on experience, 
the sinkage of the surface structure of slope was usually reserved in the construction. As the fillers had 
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different compressed natures, the sinkage amount of the slope surface structure was usually difficult to 
predict accurately. In many cases, they were estimated and obligated in the construction only by the 
experience. While in practical engineering, the obligated sinkage amount of the eco-bags slope by the 
experience usually had a large gap with actual ones, and it might cause the unexpected results that the 
sinkage amount of eco-bags slope took place more than obligated. This would more or less impact on the 
actual operation of the project. Sometimes in the serious cases, even impact to the safety of the project [3].  
Therefore, it is necessary to study the impact on the project caused by the compressibility of the eco-
bags filled in fillers and the appropriate algorithm. 
2. The Onsite Simple Tests for the Compression Modulus Index of Fillers in Eco-bags 
To meet the requirements of the engineering design, according to the actual construction process, 
onsite tests for the compression modulus of the fillers in eco-bags were carried out. For the purpose of 
increasing volume stability, the fillers in bags were the mixtures composed of loam and coarse sand. The 
loam is a kind of wet, loose and grey-black material which has plasticity and high viscosity. The coarse 
sand is wet, loose and yellow-brown material composed of feldspar, quartz and other mineral materials. 
According to the coarse sand in accounting respectively for 30%, 50% and 80% of the total mass, three 
kinds of mixed soils were configured. They were filled into the eco-bags with the same quality 
respectively, and equally beat down by workers each weighing 80kg. Then the soil samples were taken 
with cutting rings and six groups for each mixed soil sample were carried out for the laboratory tests. 
According to the data from tests, the compression curve of loam containing sand of 30%, 50%, 80%, 
e～p curves are plotted and shown in Figure 1. 
 
Fig1 The compression curves of fillers in eco-bags with different sand content 
The figure shows that the higher the amount of sand in the mixed soil, the lower its compression; the 
smaller the compression factor, the greater the compression modulus. The test results in the figure comply 
with the general rules. The test was a confined compression test, because the eco-bags have some side 
constraints and the impact was limited. Considering the soil deformation modulus, the Poisson’s ratio of 
soils should be taken near the lower limit of relevant experience value. In this test, the fillers were only 
compacted 5 times. If they were further compacted, it will show that if the mixtures contain more sand, 
the compression will has smaller change, and if the mixtures contain more clay, the compression will be 
higher. The compression coefficient can be obtained by the methods of soil mechanics, and then 
converted into compression modulus [4]. According to the soil mechanics, in the bearing force interval 
with linear change, there is a proportional relationship between deformation modulus E and compression 
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Where   is Poisson's ratio. 
This means that, the test value of the compression modulus can be converted to deformation modulus 
by Eq. (1), and thus the deformation modulus of the materials might be used instead of elastic modulus.   
Based on the fact that the pure loam is good for planting, but easily compacted when the pressure is 
high; sandy soil is poor for cultivation, but not easy to be compacted, and has good permeability and 
ventilation, so the recommended mixing ratio of soil and sand is 20 ~ 50:80 ~ 50, and the ratio varies 
according to the slope and soils. In general, the steeper slope needs the greater sand dosage. If the eco-
bags are under the water, the amount of mixed sand should be further increased. 
3. The Simple Test for Friction Coefficient between Eco-bags and the Soil 
In the simple test, the friction coefficient will be measured and the results can be used for design 
reference. 
The test equipments and materials were spring balance, eco-bags filled in the mixed soils, concrete 
block weight of 23.52N. The sliding fiction surface was between the eco-bag and the sandy loam and the 
friction coefficient between them was determined by tensile testing. When pulling the concrete block, the 
uniform speed of 0.15m / s must be kept. 
After 12 groups of tests, the average friction coefficient was obtained as 0.49. Referencing the relevant 
standards and regulations, the appropriate discount should generally be made for the test results of 
internal friction angle in the applications. The discount factor in this test was taken as 0.85, so the friction 
coefficient according to the results of this test was taken as 0.4. 
Compared with non-woven geotextile, although the eco-bag is thinner, the eco-bag has a stronger 
adsorption capacity than the non-woven geotextile. The friction coefficient is nearly equivalent to the 
non-woven geotextile with 250 grams. The reference value can be used in engineering applications. 
4. The Sinkage Algorithm for the Eco-bags Slope  
There are great differences between the eco-bag surface protective structure and the conventional 
protective layer of the slope. Mainly because the protective structure is flexible, the fillers of eco-bags 
have the plastic natures, and thus it has compressibility. When a certain amount of compression happens, 
the slope stability will be affected. Therefore, the effect from the amount of compression on the slope 
protective layer should be considered. The algorithm is discussed below. 
Generally, if the internal friction angle between the eco-bags and the soil of the slope surface is φ1, the 
angle of the slope is α and then the safety coefficient for the slope against the eco-bags sliding [5] is 
 


tg
tgk 1                                                                                                                                          (2) 
When they were in the case of limit balance between anti-skid and slide, 1k , then 
 tgtg 1                                                                    (3) 
Eq. (2) and (3) show that if the eco-bags is stable, there must be 1k , then 
  1                                                                                                                                             (4) 
Otherwise, 
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 1  
This indicates that the slope is steeper, the slope surface protective structure exists the situation of the 
overall decline, which results in the sinkage of slope protective structure. 
In the sinkage calculation for the slope surface protective structure, the displacement and deformation 
of the structure under pressure are mainly considered. 
From Eq. (1), where Poisson's ratio is a constant, the compression modulus sE  derived from the test is 
proportional to the deformation modulus E . From which the eco-bags filled in mixed soils above under 
the condition of the lateral limited compression can be considered to obey the Hooke's law. Thusly, the 
sinkage  of the eco-bags slope can be obtained by the methods of material mechanics.                                    
Ordinarily in the project, the slope eco-bags structure was constructed by building with the bags filled 
in soils. The force diagram for the calculation of compression of eco-bags slope protective structure is 
shown in Figure 2. 
 
Fig. 2 the force diagram of eco-bags structure 
By unite-wide, let w  be the average weight of the eco-bags as per unite thickness,   the slope angle, 
1  the friction coefficient between the soil of slope surface and eco-bags, from Fig. 2, the sliding force 
and the anti-skid force with the thickness of 1 unite along the slope per unite are T  and F  respectively.  
coswT   
1sin tgwF   
The total downward force is q . 
)sin(cos 1 tgwFTq                                                                                            ⑸   
Let E be the deformation modulus of eco-bags filled with mixed soils, A the compression contacted 
area of eco-bags, and then the compression amount d  in a micro-segment dx  at any position x of the 
slope structure can be expressed as:  
EAqxdxd /  
The total compression amount of eco-bags along the slope is 
EA
qL
EA
qxdxL
2
2
0
                                                                                                                     ⑹  
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The sinkage amount for the vertical height of slope is  
sinh                                                                                                                                ⑺ 
If the slope is vertical, the sinkage amount of slope structure is directly derived from Eq. (6). 
5. Calculation Example for a practical project 
There is a small river with the steep bare slope, both sides of which are without any protection works. 
Most of the slope has an angle of 90 °. The river was washed out annually by water flooding which brings 
about very serious erosion. To protect the bank of the river and restore the ecology of both sides, the slope 
surface protective structure by eco-bags was designed.  
The river has sandy loam slope and no live load, with slope height of 2.0 meters, the natural density of 
1.85g/cm3, cohesion of 10kp, the friction coefficient of 0.4 between eco-bags and the slope surface, and 
the slope angle of 1:0.6 = 590 after the slope repaired. 
The fillers in eco-bags were the local loam soil mixed with the local river sand, the proportion of 
mixed soil was sand: loam =5:5. 
The compression modulus of the compacted soils in eco-bags and the friction coefficient between eco-
bags and sandy loam were taken according to experimental results above as MPE 165.3 , 4.01 tg . 
The value of Poisson's ratio was taken according to lower limit of the soil in eco-bags 25.0 . 
The eco-bags filled in mixed soils had the size 153360   cm3, and vertical compression contact 
area with ground was  3058 cm2 and the slope angle o59 , the vertical contact length between 
adjacent layers of eco-bags was 21cm2 obtained by geometric method. Each eco-bag filled in compacted 
soils had weight of 50kg. The weight for per unit width was mkNw /057.0 . 
From Eq. (1) 
 
From Eq.(5), mkNq /036.0  
From Eq.(6) 
 
The vertical sinkage at the top of the slope was 
cmh 5.159sin   
The sinkage amount can be obligated in construction. In the actual project, the cushion was taken as 
5cm. The project has been operating for 4 years, the weed on the eco-bags of the slope is luxuriant and 
there is no erosion again. The result of observations shows that the vertical sinkage is 1.8cm. This shows 
that the prevention program is effective and the results of the algorithms are reliable.  
This algorithm is verified by 6 practical projects, the calculation result is credible and accuracy is 
satisfactory. 
6. Conclusion 
(1)The e ~ p curves derived from the tests are distributed relatively evenly, thus, the other mixed soils 
in this context may be obtained by interpolation method according the test results. 
(2)Taking into account the lateral restraint of eco-bags, the Poisson's ratio   of soils should be taken 
as MPEE 64.2)1
21(
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as close as possible near the lower limit of experience value.  
(3)The friction coefficients from eco-bags of 120g/m2 and non-woven geotextile of 250g/m2 are 
similar, and in engineering, the friction coefficient of geotextile of 250g/m2 can be used for the reference.  
(4)The method for deformation modulus calculation is very simple, only the simple tests and soil 
mechanics are needed.   
(5)The algorithm for calculating the sinkage amount of slope surface structure built with eco-bags is 
very simple. Verified by practical projects, the accuracy of the algorithm can meet the engineering needs. 
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